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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter used for mobile 

communication equipment etc. as a high frequency device. 

[0002] 

[Description of the Prior Art] Various high pass filters are used for current and communication 
equipment. As the typical thing, there are a surface acoustic wave filter, a coaxial dielectric filter, a 
crystal filter, etc., and it is used taking advantage of each description. Especially, the miniaturization of 
various filters and the improvement of electrical characteristics are demanded with the spread of mobile 
communication equipment, such as the latest cellular phone and a land mobile radiotelephone, and the 
increment in communication link use. The surface acoustic wave filter used in a high frequency band 
uses the resonator which arranged the blind-like electrode transducer (IDT) on the piezo-electric 
substrate (4). There are a muhiple electrode mold, a multiplex-mode mold, a ladder connection mold, 
etc. in the electrode structure of a surface acoustic wave filter, and a band pass mold filter can be 
realized in the high frequency of 800MHz or more, respectively. In the shape of a ladder, two or more 1 
terminal-pair resonators are connected to a serial, and a ladder connection mold connects two or more 1 
terminal-pair resonators to juxtaposition, as shown in drawing 5 and drawing 6 . Recently, this ladder 
connection mold electrode structure attracts attention from the point of low-loss-izing. Hereafter, a 
ladder connection mold surface acoustic wave filter is explained. 

[0003] The impedance jX of 1 terminal-pair resonator shows frequency characteristics like drawing 14 
in near resonance frequency fir. The frequency from which an impedance is set to 0 is called resonance 
frequency fr, and an impedance is called antiresonant frequency fa in the frequency emitted to infinity. If 
said resonator is electrically connected to a serial between an input terminal and an output terminal like 
drawing 15 (a), like drawing 15 (b), the passage property of a signal will serve as max, when a 
firequency is resonance frequency frs, and will serve as min at the time of antiresonant frequency fas. 
Moreover, if a resonator is electrically connected to juxtaposition between an input terminal and an 
output terminal like drawing 16 (a), like drawing 16 (b), this passage property will serve as min, when a 
frequency is resonance fi-equency frp, and will serve as max at the time of antiresonant frequency fap. 
Therefore, it becomes the property of the series connection and band pass mold filter to which said 
passage property will make a frequency ftp and a frequency fas an attenuation pole a core [ frequency 
frs**fap ] like drawing 17 (b) if parallel connection is carried out and abbreviation coincidence of this 
series resonance child's (l)'s resonance frequency frs and this parallel resonance child's (2)'s antiresonant 
frequency fap is carried out between an input terminal and an output terminal about said two resonators 
like drav^ing 17 (a). A ladder connection mold filter connects two or more said series resonance children 
(1) and parallel resonance children (2) like drawing 6 . 

[0004] The passage property of a band pass mold filter has the desirable thing with the small and 
insertion loss by the resonator which has large attenuation out of a band. However, although the 
magnitude of attenuation out of band becomes large as the connection number of said each resonator (1) 
and (2) increases, this insertion loss tends to become large. At the time of the structure which connected 
every three series resonance children (1) and parallel resonance children (2) each like drawin g 5 and 
drawing 6 by turns by the present, using LiTa03 of the direction propagation of 36 degree Y cut X as an 
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ingredient of a piezo-electric substrate (4) Like the passage characteristic curve S21 shown with the 
alternate long and short dash line of drawing 7 , the low loss filter whose magnitude of attenuation 
outside a passband the insertion loss in a passband is 3dB or less, and is 25dB or more is obtained in 
8OOMH2 thru/or near a IGHz frequency band. Here, in the curves 1 1, 22, 12, and 21 of a graph 
( drawing 3 , drawing 7 , drawin g 9 , drawing 1 1 , and drawing 13 ) given in this application, 1 shows an 
input side (IN) and 2 shows an output side (OUT). A curve SI 1 shows the reflection property which 
expressed with the voltage standing wave ratio (VSWRrvoltage standing wave ratio) the relation 
between the wave which carried out incidence from the input side (IN), and the wave which reflects and 
returns to an input side, and a curve S22 shows the reflection property in an output side (OUT) similarly. 
VSWR is the ratio of the maximum electrical potential difference and the minimum electrical potential 
difference when an electrical potential difference shows the magnitude of the standing wave generated 
on a transmission line, and it is shown that an adjustment condition is so good that this value is close to 
1. Both curve S12 corresponds, although the passage property of expressing the amount of decay of 
waves passed from the input side to the output side is shown and S21 shows the passage property from 
an output side to an input side similarly. 
[0005] 

[Problem(s) to be Solved by the Invention] A ladder connection mold surface acoustic wave filter is a 
band pass mold filter using the delta frequency of the resonance frequency fr and antiresonant frequency 
fa of 1 terminal-pair resonator as mentioned above, and it depends for the pass band width on this delta 
frequency. Furthermore, a delta frequency is mostly determined by the piezo-electric substrate (4) to be 
used. Therefore, a ladder connection mold surface acoustic wave filter is difficult to extend pass band 
width. Then, the attempt which extends the bandwidth which can use the adjustment condition in a 
passband as a band pass mold filter by improving is made. Generally 2.0 or less are needed by the 
specification of VSWR of the filter used for a device in the passband. However, VSWR in the passband 
in said conventional ladder connection mold surface acoustic wave filter is about 2.3 or less in the 
bandwidth of 33MHz centering on the frequency of 933.5MHz in the bandwidth of 25MHz centering on 
the frequency of 881 .5MHz like about 2.0 or less and the reflection property curves SI 1 and S22 of 
drawing 13 like the reflection property curves SI 1 and S22 of drawing 7 . For this reason, there was a 
trouble of not filling the engine performance demanded since it is used for the fall of the yield at the 
time of production of said filter or a device. 
[0006] 

[Objects of the Invention] The invention-in-this-application person noted the point which the 
phenomenon in which the reflection property S22 of an output side is a little smaller than the reflection 
property S 11 of an input side produces about VSWR in a passband in the process of property research of 
drawing 5 thru/or drawing 7 , The following solution means were invented in view of the difference 
between the input side in the circuitry of drawin g 5 , and an output side. Although the reflection 
property S22 of a lower than the reflection property SI 1 of an input side reason of an output side is not 
necessarily clearer though it is the same circuitry shown in drawing 5 and drawing 6 , in drav^ng 6 , 
there is a difference by which the resonator (2) nearest to the terminal of an output side is connected to 
juxtaposition to the resonator (1) nearest to the terminal of an input side being connected to a serial, and 
it is thought that this has contributed to the improvement of VSWR. Then, the 3rd resonator (3) was 
cormected also to the terminal of an input side at juxtaposition, and when the electric capacity was 
changed and VSWR was investigated, the improvement which was not in the former was obtained. 
Without worsening greatly other properties, such as an insertion loss of a ladder connection mold 
surface acoustic wave filter, and a ripple in a band, the purpose of this invention aims at the 
improvement of VSWR in a passband, and is to realize a good adjustment condition. 
[0007] 

[Means for Solving the Problem] In the surface acoustic wave filter which has connected electrically to a 
serial and juxtaposition two or more 1 terminal-pair resonators which consist of a blind-like electrode 
transducer on a piezo-electric substrate, addition connection of the 1 terminal-pair resonator which has 
75% or less of electric capacity of the average of the electric capacity which each resonator has between 
an input terminal or an output terminal, and the resonator located in the outermost part in two or more 1 
terminal-pair resonators wliich constitute said surface acoustic wave filter is made electrically at 
juxtaposition. 
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[0008] 

[Function and Effect] VSWR in the passband of the filter of this invention becomes like drawing 3 , and 
becomes small clearly rather than VSWR in the passband of the conventional filter ( drawing 7 ). 
Therefore, adjustment in a passband can be taken easily, and in the former, while the filter shape which 
was not obtained is realizable, the yield in productk)n can be improved. 
[0009] f 

[Embodiment of the Invention] Hereafter, each operation gestalt of this invention is explained in full 
detail along with a drawing. 

(Operation gestalt 1) Drawin g 1 thru/or drawing 4 show the 1st operation gestalt of the ladder 
connection mold surface acoustic wave filter of this invention, and drawing 5 thru/or drawin g 7 show 
the conventional ladder cormection mold surface acoustic wave filter corresponding to it. These are the 
filters for reception of an AMPS method with a center frequency [ of 88L5MHz ], and a pass band 
width of 25MHz. The conventional surface acoustic wave filter consists of input sides series connection 
and by carrying out parallel connection by turns on a piezo-electric substrate (4) like drawing 5 and 
drawing 6 , respectively in three series resonance children (1) and three parallel resonance children (2). 
As an ingredient of a piezo-electric substrate (4), LiTa03 of the direction propagation of 36 degree Y 
cut X is used. A series resonance child (1) and a parallel resonance child (2) are constituted by the 
grating reflector (11) arranged by the both sides of 1 terminal-pair resonator and this resonator, and (21). 
For opening length, 80 micrometers and a logarithm (********) are [ 75 pairs and the pitch of a series 
resonance child's (l)'s electrode finger ] 1.093 micrometers, and, for opening length, 170 micrometers 
and a logarithm are [ 40 pairs and the pitch of a parallel resonance child's (2)'s electrode finger ] 1 .139 . 
micrometers. Like [ 3 / said resonator (2) and / (3) ] drawing 1 and drawin g 2 in this operation gestalt, 
addition connection of the parallel resonance child (3) is made to said conventional configuration in the 
location nearest to an input terminal. A parallel resonance child (3) is constituted by the grating reflector 
(31) arranged by the both sides of 1 terminal-pair resonator and this resonator, and, for opening length, 
40 micrometers and a logarithm are [ 100 pairs and the pitch of a parallel resonance child's (3)'s 
electrode finger ] 1.139 micrometers. It sets to the frequency band (800MHz thru/or IGHz) used by this 
application, and the electric capacity C of 1 terminal-pair resonator is C=4.0xlO-4xlxN. (pF) 
It is come out and expressed. Here, 1 is the opening length of IDT and N is a logarithm. Therefore, a 
series resonance child's (l)'s electric capacity is 2.40pF, and a parallel resonance child's (2)'s electric 
capacity is 2.72pF. Furthermore, the electric capacity of the parallel resonance child (3) who made 
addition connection is 1 .60pF, and this is equivalent to 62.5% of the average of the electric capacity of a 
series resonance child (1) and a parallel resonance child (2). Moreover, the . thickness of the electrode of 
a resonator (1), (2), and (3) is 450nm. 

[0010] For the insertion loss in a band, like drawin g 7 in the conventional passage property and 
conventional reflection property of a filter, the ripple in 2.7dB or less and a band is [ VSWR in 0.8dB 
and a band ] 1 .7 or less like [ to the ripple in 2.5dB or less and a band being / VSWR in 0.7dB and a 
band / 2.0 or less for the insertion loss in a band ] drawing 3 in the passage property and reflection 
property of a filter of this operation gestalt. Here, the ripple in a band is the difference of the maximum 
of an insertion loss, and the minimum value in a band, and a thing with this small value is desirable. The 
filter shape of this operation gestalt has VSWR better than the conventional filter shape in a band, 
although the insertion loss and ripple in a band are getting worse a little. As for the filter for reception of 
an AMPS method, it is usually required in a passband that 3.0dB or less and a ripple should be [ 1 .OdB 
or less and VSWR ] 2.0 or less for an insertion loss. The conventional filter shape and the filter shape of 
this operation gestalt are demand within the limits, concerning [ both ] the insertion loss and ripple in a 
passband. However, with the filter of this operation gestalt, it is smaller than the maximum of the 
demand range to being the maximum of the demand range with the conventional filter about VSWR, 
Therefore, when manufacturing the filter for reception corresponding to an AMPS method, the direction 
which manufactured the filter of this operation gestalt rather than the conventional filter can improve the 
yield. 

[001 1] Next, in the 1st operation gestalt, when the opening length of the parallel resonance child (3) who 
makes addition connection is converted into from 20 micrometers to 80 micrometers, (i.e., electric 
capacity), it is drawing 4 which showed the insertion loss in the band at the time of making it change 
firom 0.8pF to 3.2pF, and the situation of change of VSWR. Although the smaller one of said insertion 
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loss and VSWR is desirable, the curve of drawing 4 shows that an insertion loss increases with the 
increment in electric capacity, and especially electric capacity increases rapidly from near 1.9pF. 
Moreover, although electric capacity decreases with the increment in electric capacity in 1 .5pF or less, 
electric capacity changes VSWR to an increment from near 1.5pF. The value of the electric capacity of 
1.9pF and said L5pF corresponds to about 75% of with an average [ of the electric capacity of all 
resonators (1) and (2) except the parallel resonance child (3) who makes addition cormection / of 
2.56pF ] each, and about 60%. Therefore, a parallel resonance child (3) who suits the purpose of this 
invention and who makes addition cormection understands things from drawing 4 that the value of 
electric capacity should just be 75% or less of the average of the electric capacity of all the resonators 
(1) except said parallel resonance child (3), and (2). 

[0012] (Operation gestalt 2) Next, the 2nd operation gestalt of the ladder connection mold surface 
acoustic wave filter of this invention is explained. This operation gestalt makes addition connection of 
the parallel resonance child (3) like [ 2 / other resonators (1) and / (2) ] drawing 8 in the location nearest 
to an output terminal at juxtaposition. In a ladder connection mold surface acoustic wave filter, even if it 
replaces an input terminal and an output terminal, the passage property as a filter does not change. Then, 
the difference in the configuration of this operation gestalt and the 1st operation gestalt is only the 
difference in whether the resonator which adjoins the parallel resonance child (3) who makes addition 
connection is a parallel resonance child (2), or you are a series resonance child (1). It is drawing 9 which 
showed the passage property and reflection property at this time. Drawing 9 shows that the insertion loss 
and ripple in the band which shows a passage property are not different from the 1 st operation gestah 
( drawing 3 ). However, although VSWR in a band is smaller than 1 .9 or less and the conventional 
example ( drawing 7 ), it turns out that it is larger than the 1st operation gestalt. Therefore, the resonator 
which adjoins the parallel resonance child (3) who makes addition cormection is understood that series 
resonance children (1) are [ effectiveness ] larger than a parallel resonance child (2) although either a 
series resonance child (1) or a parallel resonance child (2) can improve a reflection property, without 
worsening a passage property greatly conventionally. 

[0013] (Operation gestalt 3) Next, the 3rd operation gestah of the ladder cormection mold surface 
acoustic wave filter of this invention is explained. Drawing 10 and drawing 1 1 show this operation 
gestalt, and drawing 12 and drawing 13 show the conventional ladder connection mold surface acoustic 
wave filter corresponding to it. It is only that the pitches of an electrode finger [ in / in the 1st operation 
gestalt / each resonator (1), (2), and (3) ] differ. That is, a series resonance child (1) is [ 1.01 1 
micrometers a parallel resonance child (2), and the parallel resonance child (3) of the pitch of an 
electrode finger that makes addition connection ] 1.055 micrometers. If the pitch of the electrode finger 
of 1 terminal-pair resonator is changed, since the resonance frequency fr and antiresonant frequency fa 
of this resonator change, a ladder connection mold surface acoustic wave center of filter fi-equency and 
pass band width will change. This operation gestalt is the filter for reception of an ETACS method with 
a center frequency [ of 933.5MHz ], and a pass band width of 33MHz. For the insertion loss in a band, 
like dravying 13 in the conventional passage property and conventional reflection property of a filter, the 
ripple in 2.9dB or less and a band is [ VSWR in 0.9dB and a band ] 1.9 or less like [ to the ripple in 
2.7dB or less and a band being / VSWR in 0.8dB and a band / 2.3 or less for the insertion loss in a 
band ] drawing 1 1 in the passage property and reflection property of a filter of this operation gestalt. 
Like [ the filter shape of this operation gestah ] the filter shape of the 1st operation gestalt, although the 
insertion loss and ripple in a band are getting worse a little, VSWR in a band is better than the 
conventional filter shape. As for the filter for reception of an ETACS method, it is usually required in a 
passband that 3.5dB or less and a ripple should be [ 1 .OdB or less and VSWR ] 2,0 or less for an 
insertion loss. Therefore, although the demand range of VSWR in a passband was not filled with the 
conventional filter, it turns out that this demand range is filled with this operation gestalt. That is, the 
filter of this operation gestalt can be used as a filter for reception of an ETACS method. Moreover, the 
effectiveness by this invention is understood that center frequency is high and the filter with wide pass 
band width is more more effective from the 1st operation gestalt and the 3rd operation gestalt. 
[0014] In addition, in the above-mentioned operation gestalt, although the pitch of the electrode finger 
of the parallel resonance child (3) who makes addition connection was made in agreement with the pitch 
of a parallel resonance child's (2)'s electrode finger, even if it changed this somewhat, there was no 
effect in a filter shape so much, and there was no change in VSWR in a band being improved rather than 
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the conventional filter. 

[0015] Explanation of the above-mentioned operation gestalt is for explaining this invention, and it 
should not be understood so that invention of a publication may be limited to a claim or the range may 
be ****(ed). Moreover, as for each part configuration of this invention, it is needless to say for 
deformation various by technical within the limits given not only in the above-mentioned operation 
gestalt but a claim to be possible. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



7/3/07 



